increased the movement advantage. For unfamiliar faces, results suggest that participants were relying on characteristic movement patterns to match the faces, and did not derive any extra benefit from the structure-from-motion cues in the PLDs. The results indicate that participants may use static and movement-based cues in a flexible manner when matching famous and unfamiliar faces.
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A comparison of point-light-displays and avatars in famous and unfamiliar face recognition.
Facial movements provide a rich source of information about a person -we can use the way a face moves to help speech perception (Calvert & Campbell, 2003) , or to infer emotions (Bassili, 1979) , gender (Hill & Johnston, 2001) , and even the identity of a person (Roark, Barrett, Spence, Abdi & O'Toole, 2003) . There are several ways that facial movement can provide cues to identity.
Firstly, movement may support the extraction of structural information (three-dimensional form) from the face, via structure-from-motion processes. Secondly, it may be possible to recognize someone based on the characteristic or idiosyncratic way they move their face and head (Roark et al., 2003) . However, the relative importance of these different types of information for face recognition has yet to be established. Furthermore, it is unclear whether familiarity with a face helps us extract and use movement information in identity-based tasks such as naming or matching, and whether an effect of familiarity is present for both types of movement information. These questions were examined in the current study.
Many studies have found that familiar faces are recognized faster and more accurately when presented in motion (Knight & Johnston, 1997; Lander & Bruce, 2004; Lander, Christie & Bruce, 1999) . However, the role of movement in unfamiliar face recognition is uncertain. Although some studies have found a benefit of movement when matching or learning unfamiliar faces (Hill & Johnston, 2001; Lander & Bruce, 2003; Pike, Kemp, Towell & Philips, 1997; Thornton & Kourtzi, 2002) , other studies have found no effect of movement for unfamiliar faces (Bruce & Valentine, 1988; Bruce, Henderson, Newman & Burton, 2001 , Experiment 2; Christie & Bruce, 1998; Shiff, Banka & de Bordes-Galdi, 1986 ). Where present, it is unclear whether the movement advantage for familiar and unfamiliar faces is due to structure-from-motion cues or the presence of characteristic movement patterns, or a combination of the two. Some studies have addressed this question by showing participants staged movements (e.g., Christie & Bruce, 1998; Pike et al., 1997) or changing the timing of the movements (e.g., Lander & Bruce, 2000; 2004) , thus disturbing the MOVEMENT ADVANTAGE IN FAMOUS AND UNFAMILIAR FACES 4 extraction of characteristic movement patterns; other studies have used uniformly shaped faces and heads (e.g., Hill & Johnston, 2001; Knappmeyer, Thornton, & Bulthoff, 2003) , or only displayed expression and speech movements (e.g., Rosenblum, Niehus, & Smith, 2007; Thornton & Kourtzi, 2002) , in order to limit the use of structure-from-motion cues to identity. However, no studies have directly compared the use of characteristic movement patterns and structure-from-motion, or investigated whether familiarity affects our use of each of these movement cues.
The robust effect of movement for the recognition of familiar, but not unfamiliar faces might reflect differences in the way that these types of stimuli are processed. That is, for familiar faces, people may have developed stored patterns of characteristic movements based on prior exposure to the face (Roark et al., 2003) , in addition to well-developed structural representations (i.e., robust representations of the unchanging aspects of the face and head; , and these may support the use of movement-based mechanisms during identity-based tasks such as naming or matching. Unfamiliar faces, on the other hand, do not have pre-existing representations of characteristic movements or stable face representations, which could make it difficult for people to extract and use movement-based cues to identity. This is particularly the case for characteristic movement patterns, which may take a longer time to build up than a structural representation of the face (O'Toole, Roark, & Abdi, 2002 ).
Alternatively, it is possible that the conflicting results from past studies were due to methodological differences, such as the task, or the type of stimulus used. For example, studies of the movement advantage in familiar faces have generally used degraded face images (e.g. Bruce & Valentine, 1988; Knight & Johnston, 1997; Lander & Bruce, 2000; Lander, Bruce, & Hill, 2001; Lander et al., 1999; Lander & Chuang, 2005; Rosenblum et al., 2007) , whereas studies of the movement advantage in unfamiliar faces have used a mix of degraded and non-degraded stimuli (e.g., Pike et al., 1997; Shepherd, Ellis, & Davies, 1982; Shiff et al., 1986; Thornton & Kourtzi, 2002; Hill & Johnston, 2001) . This is problematic because the movement advantage may be more apparent when static form-based cues, such as those that would be present in a photograph, are MOVEMENT ADVANTAGE IN FAMOUS AND UNFAMILIAR FACES 5 harder to extract (for example, these cues might include the shape of someone's eyes or lips, skin tone, eye colour, etc.) (Knight & Johnston, 1997) . Therefore, in order to resolve the question of whether the movement advantage differs across familiar and unfamiliar faces, it is necessary to equate the stimuli and methods across different levels of familiarity.
Only a few movement-based face recognition studies have directly compared performance with familiar and unfamiliar faces using equivalent methods and stimuli (e.g., Bruce et al., 2001; Lander & Davies, 2007; Roark, O'Toole, Abdi, & Barrett, 2006) . However, the results of these studies are inconsistent, and the majority focused on experimentally familiar faces (e.g., Lander & Davies, 2007; Roark et al., 2006) , rather than faces that are familiar to participants because of prolonged real-world exposure. Only one study has compared the movement advantage in personally familiar and unfamiliar faces: Bruce et al. (2001, Experiment 1) asked participants to match familiar and unfamiliar people from low quality CCTV stimuli (moving and static) to high quality photographs. They found that familiarity helped participants overall (see also Burton, Wilson, Cowan, & Bruce, 1999) , but there was no movement advantage for either familiar or unfamiliar faces. However, as noted above, other work has found that the movement advantage may only be apparent when the stimuli are highly degraded. Knight and Johnston (1997) found that a movement advantage was present for famous faces that were presented upright and negative (reversed contrast), but not when the faces were presented upside down or as normal black and white images. It is possible that the use of less degraded stimuli in the Bruce et al. study resulted in participants relying primarily on static form-based cues, thus minimizing the effect of movement.
The present study addressed the same question as Bruce et al. (2001) -that is, does our level of real-world familiarity with a face influence the presence and magnitude of the movement advantage? To that end, we compared matching performance for static and moving images of famous and unfamiliar faces. However, to minimize the chance that participants would rely on static form-based cues, we presented participants with degraded images of the faces, rather than photographs or CCTV footage. This study also examined the relative use of characteristic MOVEMENT ADVANTAGE IN FAMOUS AND UNFAMILIAR FACES 6 movement patterns and structure-from-motion information in famous and unfamiliar faces, by comparing the movement advantage across stimuli that preserved individual motion patterns, but eliminated the variability in facial structure across the different faces (shape-normalized avatars); and stimuli that preserved individual structure and motion patterns (point-light-displays, or PLDs).
Shape-normalized avatars are created by tracking movement from multiple face areas and projecting it onto one standard facial form -for example, an "average" face (e.g., Hill & Johnston, 2001 ). Avatars preserve movement information, but provide minimal identifying structural information (since the shape of the face is normalized) -in other words, participants must rely primarily on characteristic movement patterns to match the faces. Consequently, any movement advantage with avatars is likely to arise from recognition or matching of characteristic movement patterns, rather than structure-from-motion. Previous studies have shown that the characteristic face and head movements depicted by avatars are sufficient to perform identity-and sex-matching tasks, even when structural cues are limited (Hill & Johnston, 2001; Knappmeyer et al., 2003) .
PLDs are created by tracking multiple points on the face, and then editing the video so only the movement of the points is visible (Bassili, 1979; Johansson, 1973) . Because PLDs only show the motion of a limited number of points on the face, they contain less movement information than avatars (which convey movement information across the whole face). However, PLDs preserve some cues to the shape of the head and face, some of which may be available from static frames, some of which may be extracted by structure-from-motion processes. Therefore, any movement advantage from PLDs could be mediated by characteristic movement patterns, structure-frommotion, or both. Like avatars, PLDs have been used in establishing the presence of a movement advantage in face recognition (Bruce & Valentine, 1988; Rosenblum et al., 2007) .
Although both avatars and PLDs have been used widely in face processing research, only one study has directly compared performance with avatars and PLDs using natural movements, with sex classification as the dependent variable. Hill, Jinno, and Johnston (2003) used motion capture to record the face and head movements of 12 actors, and then presented the resulting MOVEMENT ADVANTAGE IN FAMOUS AND UNFAMILIAR FACES 7 recordings as PLDs, shape-normalized PLDs, or shape-normalized avatars. Participants were equally good at discriminating the sex of the face whether it was presented as a PLD, a shapenormalized PLD, or shape-normalized avatar. However, sex classification is quite different from matching based on perceived identity, and the two tasks may rely on different types of movement (Hill & Johnston, 2001) . Consequently, it is unclear whether participants should perform better when viewing PLDs or avatars in an identification-based task. Logically, PLDs provide more valid cues to identity (structure and motion) than avatars (motion alone), which should result in a greater movement advantage for PLDs than avatars. This is particularly true for familiar faces, which should benefit both from enhanced structural information and characteristic movement patterns. On the other hand, PLDs have been criticized for presenting a sparse array of movement information (Knight & Johnston, 1997) , which might only be sufficient to support individual recognition in highly familiar faces (e.g., Rosenblum et al., 2007) . Therefore, participants may need the extra movement information carried by avatars in order to extract characteristic movement patterns from a face. If so, any movement advantage would be greater with avatars. By comparing these stimulus types, we aimed to identify the origins of the movement advantage, and determine whether it differs for familiar and unfamiliar faces.
In this paper we present two experiments comparing identity matching performance for famous and unfamiliar faces presented as PLDs or shape-normalized avatars. We conducted two experiments with a same/different matching task: In Experiment 1, participants were presented nondegraded images to be matched to avatars/PLDs. As the non-degraded images provide clear identity information, the processing of three-dimensional form and characteristic movement information has the potential to be influenced by the stored face representations, and we expected strong effects of familiarity. However, non-degraded images may also direct participants' attention to static formbased cues, which may reduce the movement advantage. In Experiment 2, participants were asked to match pairs of avatars or PLDs. This procedure should minimize participants' attention to static form-based cues, leading to a stronger movement advantage than in Experiment 1. However, MOVEMENT ADVANTAGE IN FAMOUS AND UNFAMILIAR FACES 8 participants do not have access to clear identity cues, which could inhibit matching based on stored structural or characteristic movement patterns. Consequently, we expected a weaker effect of familiarity in Experiment 2 than in Experiment 1.
Experiment 1: Matching Between Formats -Video to PLD and Video to Avatars
Participants were presented with a still image or moving clip of a famous or unfamiliar person, followed by a still image or moving clip of a PLD or an avatar. In line with the findings of Bruce et al. (2001) , we predicted that familiar faces (in this case, famous faces) would be matched more accurately than unfamiliar ones. Overall, it was expected that participants would perform worst when presented with two static images, and best when presented with two moving clips. For famous faces, any non-degraded image (i.e., both moving and static) should allow people to access stored movement patterns. Therefore, we expected that famous faces would be matched relatively well regardless whether the initial, non-degraded clip was presented in motion or not. On the other hand, we expected that unfamiliar faces (that do not have any stored movement information) would be better matched from moving clips than static images.
As mentioned above, it is unclear whether people should be able to match faces better to PLDs or avatars. If people are better at matching to PLDs, it suggests that a match between the form cues present in the non-degraded and degraded images (e.g. face shape and structure-from-motion information) can facilitate performance in an identity-matching task, above and beyond the use of characteristic movement patterns. On the other hand, if there is no advantage for PLDs, or if avatars are matched better, it suggests that people are concentrating primarily on characteristic movement patterns, rather than form cues, to match the faces.
In addition to structure-from-motion and characteristic movement patterns, it is also possible that a movement advantage could arise from both PLDs and avatars for another reason: moving stimuli, which consist of a series of static frames, carry more visual information than static stimuli.
Previous studies have addressed this issue by comparing moving stimuli to displays with multiple static images or movement distortions (Lander et al., 1999; Lander & Bruce, 2000; Rosenblum et MOVEMENT ADVANTAGE IN FAMOUS AND UNFAMILIAR FACES 9 al., 2002; Pike et al., 1997) , and all have found an advantage for veridical movement, over and above the contribution of extra static information. As such, we chose to present the simplest test of the movement advantage, by comparing performance for single static frames and 2s moving clips.
Methods
Participants. Thirty-eight undergraduate students (27 female) from the University of Western Sydney, aged between 18 and 59 years (mean age 23.5 years) participated in this experiment in return for course credit. All reported normal or corrected-to-normal vision. Four participants' data were excluded from analysis due to their failure to follow the instructions. One participant's data was excluded due to failure to recognize any of the famous faces. Thus, the final sample consisted of 33 participants.
Stimuli and Materials.
A set of video images of six highly familiar (famous) and six unfamiliar adult males was obtained from the online content of two talk shows. The clips were chosen based on a pilot study, in which a separate group of 34 undergraduate students viewed three 8s clips each of 21 male adult faces (63 clips in total). All clips showed the person speaking, facing towards the camera in an interview situation. The clips were selected to show each face from approximately the same viewpoint and distance from the camera, and to exclude extreme facial movements. Participants used a 7-point scale to rate each face on three dimensions: familiarity, distinctiveness of movement, and amount of movement (always in that order, using different clips of the face for each dimension). Participants were also asked to name or otherwise identify any face they indicated was familiar. Distinctiveness was defined as how much a movement would stand out in a crowd, or how individual or idiosyncratic it was to the person. Participants were instructed to try and ignore how familiar the person was, or how distinctive their face shape or features may be, and give a rating based purely on the movement of the face and head. When rating amount of movement, participants were again instructed to try and ignore how familiar the person in the video was to them, and how distinctive their movements were, and concentrate purely on how much the face and head moved.
Based on the ratings of familiarity, the six highest and six lowest rated faces were selected as the "famous" and "unfamiliar" faces for the present study. Famous faces had a mean familiarity rating of 6.46, unfamiliar faces had a mean familiarity rating of 1.43. For each face, a single clip was selected for conversion into PLDs and avatars. Famous and unfamiliar faces had mean distinctiveness ratings of 3.85 and 3.32; and mean amount of movement ratings of 4.42 and 4.47, respectively. Separate two-tailed t-tests were conducted on the distinctiveness and amount of movement ratings for the chosen famous and unfamiliar clips; neither was significant (distinctiveness: p = .39; amount: p = .93). To create the different identity trials, each clip was paired with another clip from the same familiarity group (i.e., all famous faces were paired with other famous faces). The pairings were chosen based on similar ratings of familiarity, distinctiveness, and amount of movement, and remained consistent across both experiments, to negate any response bias a participant might have displayed towards one particular clip.
Each clip was cut into four separate 2 s videos, which were used as the non-degraded sample clip, and also as the basis for the creation of PLDs and avatars in these experiments. Point-light displays (PLDs) were created by tracking the movement of 27 facial regions using Motion (Apple), then superimposing small grey dots onto each point that mimicked the movement of the underlying region. Finally, the background was set to black. The location of the points was based on the PLDs used by Hill et al. (2003) , with additional points added to the cheeks, orbits and temples to make the image more "face-like" (Figure 1 ). Pupils were not included in the PLDs, as the computer tracking was not accurate enough to follow eye-movements.
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Avatars were created using a custom face-tracking program (Saragih, Lucey & Cohn, 2010; . The program tracks 66 points on the face, (including eyes and pupils) and creates an "avatar" which mimics the movements of the original video sequence, but displays a uniform shape and texture for all actors. In these experiments, a white "mask" was chosen for the avatar shape (Figure 2 ).
The mask was chosen to be a neutral image that did not resemble any of the faces, and was presented on a black background. In total, 144 videos were created: four 2 s videos per stimulus type (non-degraded videos, PLDs and avatars), for each of the 12 identities. There was also a corresponding static image, created by taking a single frame at random from each 2 s PLD, avatar and original video clip. Sample stimuli can be viewed in the supplementary materials for this article. As the frame was taken at random, the static image did not always show a neutral expression (i.e., it preserved any idiosyncratic face and head poses or expressions). All video and static images measured 960 x 540 pixels, and were presented on a black surround. All videos were presented at 25 frames per second. The experiment was run on a MacBook Pro using Superlab 4.0.3, and images were presented on a BENQ E2200 HD 22-inch monitor (1920 x 1080 pixels). static/dynamic (S/D); static/static (S/S)). To prevent simple matching of identical movement sequences and to encourage a focus on identity matching, the movement sequences and/or static pictures shown in the two images were extracted from non-overlapping sections of the original video clip. Each condition contained twenty-four trials (two same and two different trials for each identity), resulting in 384 trials per participant. Trials were presented in two blocks, and different clip pairings were presented in each block, to prevent learning of particular movement sequences.
Design and
Within each block, the order of presentation of trials was randomized. Block presentation order and stimulus pairings were counterbalanced between participants.
Every trial of the main experiment began with a fixation cross, presented in the centre of the screen for 200 ms. The fixation cross was extinguished and replaced by two facial images, both 2 s long, presented sequentially and separated by a 500 ms grayscale noise mask (see supplementary materials for an example of a trial). To prevent matching based purely on the location of the face onscreen, the initial face image was randomly offset from the centre of the screen by 40 pixels to the left or right, and the subsequent face image was offset 40 pixels in the opposite direction.
Participants were asked to indicate via key press whether the two facial images showed the same person, or two different people. Participants were instructed to respond as quickly and as accurately as possible after the second video had finished. Once the key press was recorded, the next trial began immediately. In Experiment 1 the first stimulus shown in each trial was always non-degraded (unmanipulated). The second stimulus was either a PLD or an avatar that was static or dynamic.
Participants were tested individually in a darkened room. They completed 12 practice trials (without feedback) prior to beginning the main experiment, and received several breaks throughout testing. Following the main experiment, each participant was shown one non-degraded video of each of the 12 identities, and asked to rate the video for familiarity on a seven point scale, (1 = unfamiliar; 7 = highly familiar), and to name the person (or provide other unambiguous identity information) if they were famous. Participants' data were excluded from analysis if they did not rate all famous faces 6 or higher and unfamiliar faces 2 or lower, or if they could not name at least three of the six famous faces. This study was approved by the University of Western Sydney Human Ethics Committee and was carried out in accordance with Australian and international ethical guidelines.
Results and Discussion
Signal Detection Theory analysis: A criterion-independent measure of sensitivity (d') was calculated for each participant in each condition (Macmillan & Creelman, 2005) . Hit and/or false positive scores of zero or one were replaced with values of 0.042 and 0.948 respectively (these correspond to 1/2N and 1-1/2N respectively, in accordance with Macmillan & Kaplan, 1985) . A d' of 0 represents chance performance, while a d' of 3.46 represents perfect performance in a condition after the above adjustment. One sample t-tests were carried out to compare the resulting d' scores to chance performance levels. Participants performed significantly above chance in 13 out of 16 conditions (all ps < .05, see Table 1 ). All three conditions that were not significantly above chance involved matching unfamiliar faces to avatars -the D/S, S/D and S/S conditions (ps >.08).
A 2 x 2 x 4 ANOVA was carried out on the d' scores.
1 The main effect of familiarity was significant: Overall, famous faces were matched significantly better than unfamiliar faces, F(1,32) = 6.33, p = .017, η p 2 = .16. There was also a border-line trend for PLDs to be matched better than avatars, F(1,32) = 3.99, p = .054, η p 2 = .11. However, both of these main effects were qualified by a significant interaction between familiarity and stimulus type, F(1,32) = 4.73, p = .037, η p 2 =.13.
Pairwise comparisons (Bonferroni corrected) for each level of familiarity revealed that, for famous faces, there was no significant difference between PLDs and avatars (p = .845); but unfamiliar faces were recognized significantly better from PLDs than avatars (p = .003). Pairwise comparisons within each stimulus type showed that, when presented with avatars, participants were significantly better at matching famous faces than unfamiliar faces (p = .002); when presented with PLDs, no significant difference emerged between famous and unfamiliar faces p = .689).
The ANOVA revealed no main effect of movement, F(3,93) = .992, p = .40, η p 2 = .031, and no interactions between movement and any other variables (ps > .15). However, in the interest of investigating the familiarity effect, Bonferroni-corrected pairwise comparisons for famous vs.
unfamiliar faces were carried out in each movement condition and for each stimulus type. There was no significant difference between famous and unfamiliar faces across the majority of conditions (ps > .14), with the only significant case being S/S images presented as avatars, where famous faces were matched significantly better than unfamiliar faces, p = .006.
The interaction between familiarity and stimulus type suggests that an exact match between form cues is less important for famous faces than unfamiliar faces. Famous faces were matched relatively well from both PLDs and avatars, even when both stimuli were static. One possible explanation for this result is that our representations of famous faces include characteristic pose and expression cues, which participants may have been using to match the faces when the form cues were redundant (i.e., in the avatar condition). This is an extension of an idea proposed by Burton, Jenkins, and Schweinberger (2011) , that our mental representation of a familiar person incorporates not only the unchangeable, structural aspects of their face, but the way a face varies across our encounters of it (see also Haxby, Hoffman & Gobbini, 2000) . In other words, seeing a nondegraded image of a familiar face allowed our participants to easily access stored representations of the person, leading to relatively good performance in famous face trials, regardless of whether the faces were moving or static, or whether they contained useful structural information or not.
On the other hand, unfamiliar faces were matched relatively poorly from avatars, but quite well from PLDs. Matching of unfamiliar faces appears to have been dominated by shape or structural information, such as the cues present in PLDs. When those cues were present, participants could use them to match unfamiliar faces almost as well as familiar faces. However, when the MOVEMENT ADVANTAGE IN FAMOUS AND UNFAMILIAR FACES 15 structural information was uninformative, as in the avatar stimuli, participants failed to perform above chance level in most conditions.
Movement advantage:
To further investigate whether moving stimuli were matched better than static stimuli, a secondary analysis was conducted. The d' value for the S/S movement condition was subtracted from the values of each other condition. The resulting "movement advantage" scores are shown in Figure 3 , where zero represents no advantage, and larger values indicate a more substantial performance improvement for moving vs. static stimuli. Movement advantage scores for each condition were subjected to one sample t-tests to compare them to 0 (no movement advantage), followed by a 2 (familiarity) x 2 (stimulus type) x 3 (movement of clips)
ANOVA. No conditions were significantly greater than 0 (ps > .17), and there were no main effects or interactions (ps > .05).
-
Conclusions from Experiment 1:
In sum, Experiment 1 showed a significant familiarity effect, driven by differences in performance for famous and unfamiliar avatars. However, there was no evidence of a movement advantage, regardless of familiarity or the type of stimulus used.
The finding of a familiarity effect, but no movement advantage when matching from a high quality to a degraded image replicates the results of Bruce et al., (2001) , and extends on their findings in two ways. First, the fact that the familiarity effect was driven by avatars, not PLDs, suggests that the benefit of familiarity does not arise solely because participants are better at matching shape or structure information for familiar than unfamiliar faces. Second, Bruce et al.'s study only used static high quality images, whereas the current study used both moving and static There are several possible explanations for the lack of movement advantage. Firstly, it is possible that participants relied on form cues -static face-shape information -throughout the experiment. Participants could have been using primarily shape-based cues for the famous and unfamiliar PLDs, which contain some structural information even in the absence of movement.
When presented with avatars, which had no valid distinguishing shape cues, participants may have relied on characteristic static face/head poses to match videos of famous faces with their avatar counterparts (a strategy that is not available for the unfamiliar faces). Note that this does not suggest that participants could not extract movement information, but merely that they paid attention to and based their decisions on the static cues in the stimuli.
Secondly, it is possible that participants were unable to extract enough useful movement information from PLDs and avatars to support a movement advantage. This would be surprising, as movement advantages have been demonstrated with similar avatar and PLD stimuli before (Hill & Johnston, 2001; Rosenblum et al., 2007) . Finally, it is possible that the static form-based information in the non-degraded images interfered with the processing of movement information by attracting participants' attention away from the movement information (particularly for the famous faces). That is, people may have been distracted by the fact that some of the faces were famous, or paid attention to the expressions, eye gaze, or myriad other social cues that are present in a nondegraded face image, rather than focusing on characteristic movements or extracting structural cues from the faces. Further, matching movements across different types of stimuli might have been too demanding (see also Liu & Chaudhuri, 1997; . In other words, having different form and texture cues in the non-degraded image and the PLDs/avatars might have confused participants and resulted in poor performance.
To test whether the presence of a familiarity effect without a movement advantage in Experiment 1 was driven by the presence of a non-degraded image, Experiment 2 repeated the same/different matching task, but replaced the non-degraded image with a degraded one of the same type (i.e., either two PLDs or two avatars).
Experiment 2: Matching within formats: PLD to PLD and avatar to avatar.
In Experiment 2, we investigated whether participants could match two degraded images, (i.e., PLD to PLD and avatar to avatar). If the nature of the movement information in the PLD and avatar stimuli caused the lack of movement advantage in Experiment 1, similar results should arise in Experiment 2. However, if the lack of movement advantage was either due to distraction by the non-degraded images or difficulties in matching across different stimulus types, the results for both types of stimulus should significantly improve.
As each trial only contained degraded stimuli (either PLDs or avatars), we expected the effect of familiarity to diminish considerably, because unless the movements were so distinctive and idiosyncratic as to provide a cue to the famous identity, participants should not be able to draw on memory to match characteristic head poses or typical movement sequences. Furthermore, if the superior matching performance for famous faces in Experiment 1 was due to different levels of interest or attention for famous and unfamiliar face trials -for example, participants paying more attention to trials in which a famous face appeared -presenting two degraded images should eliminate the matching advantage for famous faces altogether.
Finally, given the results of Experiment 1 (that PLDs lead to better performance than avatars for unfamiliar faces), we expected similar results in the current study. However, since we also expected the effects of familiarity to diminish significantly, we predicted that PLDs would be matched better than avatars for both famous and unfamiliar faces.
Methods
Participants. Seventeen undergraduate students (12 female) from the University of Western Sydney, aged between 18 and 45 years (mean age 22 years) participated in this experiment in return MOVEMENT ADVANTAGE IN FAMOUS AND UNFAMILIAR FACES 18 for course credit. All reported normal or corrected-to-normal vision. One participant's data was excluded from analysis due to their failure to follow the instructions, leaving a total of 16.
Stimuli, Design and Procedure. The experiment was identical to Experiment 1, except that each trial showed either two PLDs or two avatars, and that the image manipulation types were presented blocked (participants viewed all PLDs in one block and all avatars in another). Block presentation order and stimulus pairings were counterbalanced between participants.
Results and Discussion
Signal Detection Theory analysis: Once again, a d' score was calculated for each participant in each condition, and one sample t-tests were carried out to compare each condition to chance. The d' results for Experiment 2 are shown in Table 2 . As in Experiment 1, performance was above chance in the majority of conditions (p < .05 in 12 out of 16 conditions, see Table 2 ).
Participants failed to perform significantly above chance level for the S/S condition for PLDs (famous and unfamiliar) and unfamiliar avatars, and for the S/D condition for unfamiliar avatars.
This pattern of results is markedly different from Experiment 1, where participants only failed to perform above chance levels for unfamiliar faces with avatar test images. The results from Experiment 2 suggest that removing the non-degraded image encouraged participants to rely more heavily on movement-based cues, rather than matching known famous face images to similarshaped/posed avatars and PLDs.
-----------------------------------------------------------Table 2 about here ------------------------------------------------------------
A 2 x 2 x 4 ANOVA was carried out on the d' scores. In accord with the results of This mirrors the effects found in Experiment 1, and indicates that participants still relied more heavily on structural cues to match unfamiliar than famous faces, even when there were no obvious cues that some of the faces were famous (i.e., no non-degraded images for comparison).
Pairwise comparisons within each stimulus type also closely followed the pattern of results found in Experiment 1: for avatar stimuli, famous faces were matched better than unfamiliar faces, p = .009, but there was no significant effect of familiarity for PLD stimuli, p = .057.
Unlike in Experiment 1, the ANOVA showed a significant main effect of movement of clips, F(1.85, 27.72) = 9.94, p = .001, η p 2 = .40 (Greenhouse-Geisser correction applied for sphericity violations), and a significant stimulus type by movement of clips interaction, F(2.48,37.17) = 4.04, p = .019, η p 2 =.212, reflecting the fact that, for avatars, there were no significant differences between any of the movement conditions (ps > .34), whereas PLDs in the S/S condition were matched worse than in any other movement condition (ps < .012). As in Experiment 1, Bonferroni-corrected pairwise comparisons were carried out to assess the difference between famous and unfamiliar faces in all conditions. Once again, famous faces presented as avatars were matched significantly better than unfamiliar faces in the S/S condition (p = .001), but the familiarity difference in all other conditions was not significant (ps > .07).
One puzzling element of the d' statistics was that participants were very good at discriminating between famous faces presented as avatars when both images were static. This is puzzling because the majority of identifying static cues (texture, structure, features) had been rendered uninformative in the avatar condition. Furthermore, the effect was isolated to famous face avatars: the same effect did not arise for famous faces presented as PLDs, or unfamiliar faces
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presented as avatars. It is possible the effect arose because the static famous face avatars were more similar than the static unfamiliar face avatars (e.g., perhaps the famous faces were consistently pictured in a similar pose, whereas the unfamiliar faces were more varied), or because the famous face stimuli in the "different" trials were more dissimilar than the equivalent unfamiliar face stimuli (e.g., perhaps Ben Stiller and Kyle Sandilands consistently turned their faces in different directions, whereas the unfamiliar faces were more homogenous).
To test this effect, an analysis of image dissimilarity was carried out on all the static avatar pairs used in Experiment 2. Image dissimilarity was calculated as the root-mean-square difference as static avatars, famous faces should have had a similar hit rate, and a significantly higher CR rate, than unfamiliar faces. Pairwise comparisons (with Bonferroni-correction) show that famous face avatars had significantly more hits (p = .022) and CRs (p = .013) than unfamiliar face avatars in the S/S condition. Perceptual similarity between two static images may explain why famous faces were correctly rejected more than unfamiliar faces, but it is still unclear why famous faces were correctly matched more often than unfamiliar faces in the static-to-static avatar condition.
In sum, the d' results for Experiment 2 replicated the effect of familiarity found in Experiment 1 -famous faces were matched better than unfamiliar faces overall, and particularly in the avatar condition. The difference between famous and unfamiliar faces was most evident in the S/S avatar condition, where famous faces were matched surprisingly well. However, in Experiment 2, unlike Experiment 1, participants were not aware that some of the faces presented were famous until after the experiment. As they had no way of knowing who the famous people were, the results from Experiment 2 eliminate the possibility that participants were consciously looking for particular facial characteristics or poses, or that they were paying more attention to the trials with famous faces in them.
The d' results also confirm that PLDs were discriminated better than avatars overall. This effect arose primarily because unfamiliar faces were matched better from PLDs than from avatars, but it is unclear why. As mentioned in the introduction, PLDs and avatars differ in two waysPLDs contain unique structural information, whereas avatars do not; and avatars contain a face form (i.e., eyes, skin texture etc), whereas PLDs do not. The PLD advantage may have arisen because participants were using the structural information in PLDs to improve their matching performance, or it may have arisen because participants were distracted by the facial form cues in avatars (i.e., they were trying to match the faces on the basis of the eyes and skin texture, rather than the movement information). To distinguish between these possibilities, we conducted separate 2 x 2 x 4
ANOVAs on the hit and CR rates for Experiment 2. If participants were distracted by the form cues in the avatars, we would expect more false alarms (and hence less CRs) to avatars than to PLDs - appears to have arisen because of the extremely high performance in the S/S avatar condition for famous faces. As discussed above, it is unclear why participants performed so well in this condition -perhaps they paid attention to characteristic facial expressions or head poses, and this strategy was simply more effective for famous faces than unfamiliar faces. This possibility is discussed further below.
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A 2 x 2 x 3 ANOVA showed all main effects were significant. There was a larger movement for PLDs was not significantly different for famous and unfamiliar faces, p = .641, whereas the movement advantage for avatars was greater for unfamiliar than for famous faces, p = .008.
Conclusions from Experiment 2:
Overall, Experiment 2 showed a strong, significant movement advantage for famous and unfamiliar faces presented as PLDs, and for unfamiliar faces presented as avatars. It is interesting that unfamiliar faces had a larger overall movement advantage than famous faces, but this was largely driven by the fact that famous face avatars were matched well in the S/S condition, minimizing the movement advantage for famous avatars. When static MOVEMENT ADVANTAGE IN FAMOUS AND UNFAMILIAR FACES 24 matching performance was equivalent, as in the PLD condition, familiarity had no significant effect on the movement advantage.
It is still unclear why participants performed so well when matching two static famous face avatars, but comparatively poorly when the same faces were shown as PLDs, or when the avatars showed unfamiliar faces. It is possible that participants based their decisions in static trials on cues such as the position of the head or idiosyncratic expressions (e.g., a lopsided smile). These cues may be clearer with avatars than PLDs, because of the presence of a facial form. This could also explain why the avatar advantage appeared with famous, but not unfamiliar faces: for the famous faces, participants may have been able to match the face and head poses to stored representations based on past encounters with the face. Characteristic head poses/expressions may be particularly relevant for famous faces -people used to being on camera may be more conscious of their appearance, and strike similar characteristic poses/expressions deliberately ("iconic poses", Carbon, 2008). Further research with personally familiar faces may establish whether this effect arises purely from familiarity, or as a result of some training or representation style unique to famous faces.
Regardless of why participants performed so well when matching static famous avatars, the finding that unfamiliar faces showed a larger movement advantage than famous faces in the avatar condition is still noteworthy, as it indicates that people may use movement to "top-up" their representation of an unfamiliar face to the same level as their representation of familiar faces. In other words, movement may act as a compensatory mechanism, which can help recognition when it is difficult to access form information (as suggested by Knight & Johnston, 1997; Roark et al., 2003) , and also when our mental representation of the face is underdeveloped, as in the case of unfamiliar faces compared to famous faces.
General Discussion
In this study, we compared matching performance for famous and unfamiliar faces presented as point-light-displays and shape-normalized avatars. Overall, famous faces were MOVEMENT ADVANTAGE IN FAMOUS AND UNFAMILIAR FACES 25 matched better than unfamiliar faces, and PLDs were matched better than avatars. When matching from a non-degraded image to a degraded face, movement did not improve matching performance (Experiment 1). However, moving stimuli were recognized significantly better than static stimuli when two degraded face images were presented in each trial (Experiment 2). When it occurred, the movement advantage for unfamiliar faces was a similar size for PLDs and avatars. The movement advantage for famous faces was larger for PLDs than avatars, but interpretation of this result was hampered by unusually high performance for static-to-static comparisons of famous faces in the avatar condition. Interestingly, there was no significant difference between the movement advantage for famous and unfamiliar PLDs. This indicates that, when static matching performance is similar for famous and unfamiliar faces, and both characteristic movement patterns and structurefrom-motion cues are available, familiarity has no significant effect on the use of movement information for face matching. Below we will discuss the familiarity results, examining the role of structure and movement cues in famous and unfamiliar faces and the implications of these findings for future research.
Familiarity -overall
We found an overall effect of familiarity in both experiments: In line with previous studies , familiar faces (specifically, famous faces presented as avatars) were matched better than unfamiliar faces in both of the present experiments. Notably, this effect arose even when participants were unaware that the trials contained famous faces (Experiment 2), which suggests two things: first, that the results were not simply a result of people paying more attention to famous faces; and second, in some circumstances (such as a matching task used in this study), a familiarity advantage may not require overt recognition.
According to classic models of face recognition (Bruce & Young, 1986; Burton, Bruce, & Hancock, 1999) , familiar faces are recognized more easily than unfamiliar faces because we have a better view-invariant representation of familiar faces -in other words, a better representation of their shape and structure. However, it is unlikely that the advantage for familiar face matching arose
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purely because participants were more familiar with the shape or three-dimensional structure of the face. If this were the case, we would have expected famous PLDs, which preserved face shape, to be matched significantly more accurately than avatars, which used a standardized shape. We would also expect famous PLDs to be matched significantly better than unfamiliar PLDs. However, neither experiment found this pattern of results: for famous faces, there were no significant differences between PLDs and avatars; for PLDs, there were no significant differences between famous and unfamiliar faces. This leads to the question: what information were participants using to match the famous faces?
As discussed in Experiment 1, it is possible that familiarity with a face also leads to familiarity with the stereotypical way a person holds their head, smiles, or grimaces. These cues may be sufficient to perform simple matching tasks quite well, even when shape and static formbased cues are rendered uninformative. For example, characteristic poses may activate stored face
representations, but at a sub-threshold level -that is, not enough to link the face to personal semantic information, but sufficient that when another face with the same characteristic pose cues appears, participants can match them effectively. This sub-threshold activation may explain how a familiarity effect occurred in the absence of overt naming or recognition of the famous faces.
However, as these pose/expression cues are insufficient for overt recognition -probably because they are less reliable than static shape, three-dimensional form, or even characteristic movement information -we would expect more cues would be needed to give rise to a familiarity effect in a naming task (e.g., Knight & Johnston, 1997; Lander et al., 1999; Lander & Bruce, 2000) , or a matching task with multiple options (e.g., Bruce & Valentine, 1988; Rosenblum et al., 2007) .
Unlike famous faces, unfamiliar faces were matched significantly better from PLDs than avatars in both experiments. This indicates that participants were most likely using shape-based information to match the unfamiliar faces -when shape cues could be matched (as in the PLD conditions for both experiments), participants were relatively accurate; when shape cues could not be used to match the faces because they were conflicting (as in the avatar condition for Experiment 1) or uninformative (as in the avatar condition of Experiment 2), performance decreased dramatically.
Interestingly, when structural information was available (PLDs), accuracy for unfamiliar faces increased to the same level as famous faces. It is unclear why prior exposure to a face did not confer an advantage for PLDs, whereas it did for avatars. One possible explanation is that cues such as structure and characteristic pose information are not strictly additive, but are used in a flexible, ad hoc manner -participants may have reached their highest level of performance when provided with structural cues, and not searched for or based their decision on any other cues (i.e., they may not have had to access their stored representations of familiar faces when they could simply match face shape or structure). When structural cues were rendered uninformative, however, participants may have been forced to fall back on other cues such as characteristic pose information (which would only be available for familiar faces), leading to an advantage for famous faces that was isolated to the avatar condition.
Familiarity -movement
Despite the overall familiarity advantage, Experiment 2 found a larger movement advantage for unfamiliar faces than for famous ones. This is quite unusual: typically, previous studies on famous faces have often found a significant movement advantage (Knight & Johnston, 1997; Lander & Bruce, 2004; Lander et al., 2001) , whereas several studies using unfamiliar faces have failed to find any effect of movement (Bruce & Valentine, 1988; Bruce et al., 2001; Christie & Bruce, 1998; Shiff et al., 1986) . Based on these results, and the results of previous studies comparing the movement advantage in familiar and unfamiliar faces, we expected a larger movement advantage for famous faces (Roark et al., 2006) ; or no difference in the movement advantage regardless of familiarity (Lander & Davies, 2007) . This raises two questions: why didn't participants show a reliable movement advantage for famous faces; and why did Experiment 2 find a movement advantage for unfamiliar faces where many previous studies have not? Knight & Johnston, 1997; Lander et al., 1999; Lander & Bruce, 2000; Lander & Chuang, 2005) .
The use of a matching task could also explain why this study found a movement advantage for unfamiliar faces. Previous studies of unfamiliar face have generally used old/new recognition tests, which require participants to recall faces after a long delay (in some cases, up to 24 hours; Schiff et al.) . It may be relatively easy to extract and compare dynamic cues but quite difficult to store or retrieve characteristic movement information across longer time periods. This is possibly because without a person associated with the movement (i.e., without a "person identity node", as suggested in the Bruce & Young, 1986 , model of face recognition), memories of the unfamiliar face's characteristic movement patterns interfere with each other. If so, this would explain why using a same/different task, which allows participants to compare movements more directly (as in the current study), is more conducive to finding a movement advantage in unfamiliar faces (see also Thornton & Kourtzi, 2002) .
It is interesting to note that the movement advantage for unfamiliar faces was a similar size for PLDs and avatars, even though unfamiliar static PLDs were matched significantly better than avatars. This indicates that participants may have used static shape information as a cue, but the movement advantage was primarily driven by matching characteristic motion patterns, rather than structure-from-motion. Note that this does not mean that structure-from-motion is not used in unfamiliar face recognition - Pike et al. (1997) showed that participants were more accurate at recognizing unfamiliar faces that were learnt from rigid rotational motion than from multiple static images, and Farivar, Blanke, and Chaudhuri (2009) showed that participants could match unfamiliar faces based on structure-from-motion cues alone. However, in both studies, structure-from-motion was the only available movement cue. In our study, participants did not derive any extra movement advantage when characteristic movement patterns and structure-from-movement information were both present. This could be because the participants focussed their attention on characteristic movements at the expense of three-dimensional information, or it could be because the structurefrom-motion information present in normal conversational head movements is insufficient to support matching. Alternatively, it is possible that it takes longer than 2 s to extract structure-frommotion cues: Pike et al. and Farivar et al. both used longer exposure durations than the current study (10 s and unlimited, respectively). While there is ample evidence to suggest that short clips (1-3 s)
can carry sufficient characteristic movement information to give rise to a movement advantage (Lander et al., 1999; Lander & Bruce, 2000; Lander, Chuang, & Wickham, 2006; Rosenblum et al., 2002; Rosenblum et al., 2007) , no research has investigated the duration of movement necessary to give rise to a structure-from-motion advantage.
The fact that people do not necessarily use structure-from-motion cues when other movement cues are present could also explain why previous studies of unfamiliar faces have found inconsistent results -many used static images at test, which does not allow participants to match or identify faces on the basis of characteristic movement patterns (e.g., Bruce et al., 2001; Bruce & Valentine, 1988; Davis & Valentine, 2008) .
Unlike the unfamiliar faces, famous faces showed a larger movement advantage for PLDs than for avatars. In general, this would indicate the use of structure-from-motion cues for familiar faces, but it is highly unlikely that the structure-from-motion explanation is applicable in this case.
If structure-from-motion improved matching performance for famous faces, we would expect famous PLDs to be matched better than avatars overall, which was not the case. Performance for famous moving PLDs and avatars was quite similar, and the main difference appeared in the S/S condition. Once again, this is not to say that participants were not using structure-from-motion cues to match the famous PLDs. However, from our results it is unclear whether they were relying primarily on structure-from-motion, characteristic movement patterns, or a combination of both.
Future research may explore this question further, by finding stimuli that equate or minimize performance on static trials (e.g., shape-normalized PLDs).
In general, our findings suggest that the benefit of familiarity for moving faces is not as large or as clear-cut as has previously been assumed. Many studies using episodic memory and matching paradigms have found better performance for familiar than unfamiliar faces using static images (Johnston & Edmonds, 2009) . Furthermore, several studies on movement-based face recognition have shown a movement advantage for familiar faces (e.g., Knight & Johnston, 1997) .
However, as with the various facial cues discussed above (structure and characteristic pose), our results suggest that the benefits of familiarity and of movement are not additive -rather, movement may help improve matching performance only up to a certain level. Since static processing of familiar faces is already very good -probably because people have access to more identifiable static information for familiar than unfamiliar faces (e.g., stored structural representations, characteristic poses or expressions) -familiar faces may only derive a small benefit from movement. On the other hand, static processing of unfamiliar faces is known to be less robust -for example, people are less sensitive to spatial changes in unfamiliar than familiar faces (Brooks & Kemp, 2007) . As people are less proficient at using static cues in unfamiliar face matching, they may use movement as a compensatory cue to identity, and hence derive more benefit from movement than familiar faces. It would be interesting to examine whether a similar pattern of results is observed in other tasks -for example, a sorting task (Hill & Johnston, 2001 ) requires participants to compare multiple faces at once, which may make it harder for participants to rely on characteristic head poses and could result in a movement advantage for both famous and unfamiliar faces.
Matching between formats vs. matching within formats.
An overall examination of both experiments revealed that participants were much better at matching faces in Experiment 2 than Experiment 1. It is possible that presence of a non-degraded face image in Experiment 1 encouraged participants to pay more attention to form cues (e.g., individual features, texture, static shape) and structure, which would generally be the most informative cues to identity. The fact that the form cues were degraded, uninformative, or simply not present in the PLDs and avatars may have made it difficult for participants to complete the matching task. Of course, it also could be the case that the difference between the two experiments arose due to overarching problems generalizing from one type of image to another -a variation of the encoding specificity effect (Tulving & Thomson, 1973; . Previous studies have found that static face learning is better when learning and test images have similar visual properties (e.g., overlapping spatial frequencies, Liu, Collin, Rainville, & Chaudhuri, 2000;  both negated images, Liu & Chaudhuri, 1997) , and our results suggest that the addition of movement information does not eliminate these effects. Given that participants are quite capable of matching identities from different moving sequences when the stimuli are in the same format (as in Experiment 2), future research on the movement advantage should use matching image formats, or take the encoding specificity principle into account when interpreting results.
Conclusions
Movement can play an important role in face processing, particularly face identification (Roark et al., 2003) . Our findings suggest a general matching advantage for famous (compared to unfamiliar) faces, which arises primarily due to good performance with static images and avatars.
However, we found no evidence that familiarity with a face leads to a larger movement advantage.
Participants showed no movement advantage for either famous or unfamiliar faces when asked to generalize from a non-degraded image to a PLD or avatar, reinforcing previous findings that the MOVEMENT ADVANTAGE IN FAMOUS AND UNFAMILIAR FACES 32 movement advantage is most prominent when face images are degraded (Knight & Johnston, 1997) , and indicating that face recognition and matching may suffer when there is a mismatch of visual information at encoding and test .
In general, our results suggest that participants performed the task by using a variety of facial cues in a flexible, hierarchical manner. Participants appeared to rely primarily on static cues such as face shape and, when available, characteristic head pose and expression. When static cues were unavailable or unreliable, participants showed a movement advantage, driven by characteristic movement patterns (for unfamiliar faces, at least). Based on the current findings, we suggest that structure-from-motion information may only be used in face recognition or matching when there is no other movement information present (e.g., Farivar et al., 2009; Pike et al., 1997) . Future studies may wish to investigate the effect of various factors -such as task, length of exposure to the face, and individual variation in face recognition ability -on the use of different facial cues for familiar and unfamiliar face recognition. 
